Traditional mobile networks will become dual-layer wireless networks due to small cells' deployment. The advantages of dual-layer networks are improving network capacity and overcoming the problem of unbalanced traffic distribution in time-space domain. In this paper, performance of small cells deployment is evaluated in simulations. It is shown that users' traffic is offloaded by small cells obviously. At the same time, performances of signal to interference plus noise ratio (SINR) and throughput are also improved. However, low SINR (SINR < 10 dB) users are also increased because of interferences between macro cells and small cells. Furthermore, a new cooperation scheme is proposed for energy saving in dual-layer networks. This scheme is implemented through a functional modular, named by Area Control Center (ACC). Finally, simulations are given to verify the efficiency of this energy saving scheme. The numerical results show that energy consumption could be reduced by 20%.
Introduction
With the rapid development of mobile Internet services, the traditional wireless networks are faced with large challenges. As data services are increasingly visited by mobile terminal users, traffic load of wireless communication networks is rising rapidly. As forecasted by Cisco research, the global mobile data traffic will achieve 1000 petabytes per month. And the proportion of mobile video will be 66.4% [1] , as shown in Figure 1 . However, the traditional wireless networks, which are mostly monolayer coverage with radio resource limited, could not afford so large traffic load.
In order to meet the high data rate requirements of multimedia services, small cell deployment is adopted by some network operators in the world. Thanks to small cell deployment, the traditional mobile networks become duallayer networks. The advantages of dual-layer networks are obvious. On the one hand, it could improve network capacity by radio resource reuse. On the other hand, it is an effective method to overcome the problem of unbalanced traffic distribution in time-space domain [2] .
However, there are several problems of small cell deployment. Firstly, the performance improvements of small cell deployment need to be evaluated. Secondly, cooperation between small cells and macro cells should be discussed. Finally, as more and more small cells are deployed, energy saving should be taken into consideration. Those questions will be studied in the paper.
The remainder of the paper is organized as follows. The related work is introduced in Section 2. The system model is given in Section 3. The methods of small cells' deployment and their performances are discussed in Section 4. Section 5 gives a smart cooperation scheme between small cells and macro cells for energy saving. The evaluation and performance results are also described in this section. Finally, Section 6 concludes the paper.
Related Works
Traditional cellular networks usually consist of macro cells, which are deployed in monolayer to maximize the coverage and minimize the interferences. In a certain area, features of macro base stations are usually similar, such as antennas and power levels [3] .
Small cells will overlay some areas of the macro cells and make networks come to be dual-layer networks, which are First of all, the methods of small cells deployment are taken into consideration. How to deploy small cells overlaid with macro cells, improving the performance of overall networks, is a key question. Hoadley and Maveddat [4] show the necessity and challenge of small cell deployment. Chen et al. [5] investigate this question by studying the network performance in terms of spatial outage and throughput of a completely random topology in comparison to that of a perfectly regular topology. The backhaul of small cells is discussed in [6] . And an automated small cell deployment for heterogeneous cellular networks is addressed in [7] .
Secondly, cooperation between small cells and macro cells is very important. Smart cooperation will improve the efficiency of radio resources as well as satisfying the requirements of high rate data traffic. Liu and Li [8] give radio access management mechanisms for multimode reconfigurable terminals in heterogeneous networks. Su et al. [9] show an adaptive radio access control scheme based on terminal mobility and service arriving cognition in 3G and WLAN networks. Interferences between small cells and a macro cells are discussed in [10] . Liu and Li [11] also propose an adaptive spectrum sharing scheme based on frequency hopping communications for antijamming in heterogeneous networks.
Thirdly, energy saving will be taken into account along with small cells rapidly increasing. Soh et al. [12] investigate the design and the associated tradeoffs of energy-efficient cellular networks through the deployment of sleeping strategies among small cells. In [13] , energy-efficient SLEEP mode algorithms are introduced for small cell base stations in a bid to reduce cellular networks' power consumption. Onireti et al. [14] derive a generic closed-form approximation of the energy efficiency-spectral efficiency trade-off for the uplink of CoMP system and demonstrate its accuracy for both idealistic and realistic power consumption models.
System Model
Several architectures of heterogeneous networks have been shown in [8, 9, 15, 16] . Actually, small cells usually overlay macro cells partially. Figure 2 gives the heterogeneous networks scene overlaid by small cells and macro cells in this paper. Here, Cell 0 is a macro cell. In the area covered by Cell 0, there are 3 small cells deployed, named Smallcell 1, Smallcell 2, and Smallcell 3. Of course, the number of small cells is not limited to three. The forms of those small cells could be different, such as picocell, femtocell, and Wi-Fi access point. However, the macro base station and those base stations of small cells overlaying a certain area should be controlled by an Area Control Center (ACC) in this paper, as shown in 
Performance of Small Cells' Deployment
Performance improvement after small cells' deployment is very important. As well known, traffic of the macro cell International Journal of Distributed Sensor Networks 3 should be distributed by small cells, and capacity of networks should be increased. However, interferences between the macro cell and small cells will also influence the performance of heterogeneous networks. In this section, performance of small cells deployment in LTE networks is estimated, in condition of no cooperation between macro cells and small cells.
According to simulation parameters of the 3rd Generation Partnership Project (3GPP) and International Telecommunication Union (ITU) standards, we simulated a scene with macro cells and small cells overlapped. The simulation platform is operational tracking network (OPNET) software. As shown in Figure 4 , there are 19 macro cells in the scene, and each macro cell consists of 3 sectors. Suppose users and small cells are randomly distributed in each sector. And macro cells and small cells share the same carrier frequency. Wireless communication environment is outdoor. The main simulation parameters are shown in Table 1 , which are defined according to 3GPP protocol 36.814, 36.819, and ITU standards Uma, UMi.
Performance simulations are divided into 2 groups. In the first group, transmit power of small cells is 1 W, and the number of small cells is increased from 1 to 4 per sector.
The users' SINR and throughput distributions are given in Figure 5 . As shown in Figure 5(a) , compared with macro cell only networks, high SINR (SINR > 20 dB) users are increased obviously thanks to small cells deployed. However, low SINR (SINR < 10 dB) users are also increased, and this is because of interferences between macro cells and small cells. As small cells increased, the SINR and throughput performances of dual-layer networks are improved. As shown in Figure 5 , when only one small cell deployed per sector, users with SINR > 10 dB are less than 40%, and users with throughput >2 Mbps are less than 1/3. However, when 4 small cells are deployed per sector, users with SINR > 10 dB are more than 50%, and users with throughput >2 Mbps are more than 2/3. The offload of small cells is obvious. As shown in Figure 6 , with small cells increased from 1 to 4, users visited services through small cells are increased from 13% to 39%, and throughputs of small cells are increased from 33% to 61%.
In the next group, the number of small cells is fixed to one small cell per sector, and transmit power of small cells is increased from 250 mW to 5 W. The users' SINR and throughput distributions are given in Figure 7 . It is shown that the SINR and throughput are both improved with transmit power increased.
Smart Cooperation and Energy Saving
As small cells increased, cooperation between macro cells and small cells will become necessary. Liu et al. have given some cooperation schemes [2, 8, 9, 11, 16] in heterogeneous networks. In this section, a new cooperation method is proposed for energy saving in dual-layer networks.
As we know, small cells are deployed to offload peak traffic load in certain areas. However, when traffic load is low, such as at night, all of service traffic could be visited through macro cells. In this case, small cells could be closed, so that energy is saved. The questions are that when small cells can be closed and how many small cells should be closed.
Energy Saving Model.
Assuming there are small cells in a macro cell. As shown in Figure 2 , the macro cell is named Cell 0, and the small cells are named Cell , = 1, 2, . . . , . It is assumed that energy consumption of small cells is equal. So the all energy consumption of dual-layer networks at time in this area, denoted by all ( ), is shown as
Here, 0 is energy consumption of Cell 0, and is energy consumption of Cell . ( ) is a weight coefficient of Cell , as shown in (2) . Usually, energy consumption of base station when it is sleep is 0.3 times of the full amount:
Suppose that traffic load in this area is TH all ( ) at time . by Cell 0 is TH 0 ( ), and the traffic load borne by Cell is TH ( ). So,
Here, TH 0 ( ) and TH ( ) should obey (4) . TH 0 max and TH max are maximal throughputs of Cell 0 and Cell . is a redundancy coefficient to ensure that traffic demands would not exceed the capability of base stations TH 0 ( ) ≤ TH 0 max ,
Our target is energy saving in condition that user services should be satisfied. It could be expressed as an optimization problem, as shown in area. Then it is 3 times in Cell 2 overlaid district and 2 times in Cell 3 overlaid district. It is assumed that users' traffic changes over time. In this simulation, hourly throughput in each cell covered district is given in Figure 8 . It is shown that busy hours in Cell 1 are at night, busy hours in Cell 2 are in the daytime, and traffic peak in Cell 3 is not obvious. The overall throughput in this area is also given in Figure 8 .
In Comparison of no-cooperation mode and cooperation mode is shown in Figures 9 and 10 . Assuming that the energy consumption of macro station is 500 W and that of each small station is 100 W, it is assumed that the value of redundancy coefficient is 0.8. When throughput capacity of each cell is 150 Mbps, the cooperation mode proposed in this section can save energy from 15% to 25%, and average energy saving is 21%. When throughput capacity of each cell is 120 Mbps, the cooperation mode can save energy from 8% to 25%, and average energy saving is 19%.
Conclusion
Due to small cells' deployment, the traditional mobile networks become dual-layer networks. The advantages of duallayer networks are obvious. On the one hand, they could improve network capacity by radio resource reuse. On the other hand, they are an effective method to overcome the problem of unbalanced traffic distribution in time-space domain.
In this paper, a system model in dual-layer network is proposed, and Area Control Center (ACC) is used for networks' cooperation. Then performance of small cells deployment is evaluated in simulations. And a new cooperation method is proposed for energy saving in dual-layer networks. Finally, simulation results of energy saving performance are given to show benefits of the network cooperation scheme.
